Abstract-We present our recent results on efficient tuning of optical properties of a high refractive index subwavelength nanoparticle with a magnetic Mie-type resonance by means of femtosecond laser irradiation. This concept is based on ultrafast photo-injection of dense (> 10 20 cm −3 ) electron-hole plasma within such nanoparticle, drastically changing its transient dielectric permittivity. This allows to manipulate by both electric and magnetic nanoparticle responses, resulting in dramatic changes of its scattering diagram and scattering cross section. We experimentally demonstrate 20% tuning of reflectance of a single silicon nanoparticle by femtosecond laser pulses with wavelength in the vicinity of the magnetic dipole resonance. Such singleparticle nanodevice enables to design fast and ultracompact optical switchers and modulators.
I. INTRODUCTION
All-dielectric "magnetic light" nanophotonics based on nanoparticles of high refractive index materials allows manipulation of a magnetic component of light at nanoscale without high dissipative losses, inherent for metallic nanostructures [1] , [2] . This "magnetic light" concept has been implemented for nanoantennas [3] , photonic topological insulators [4] , broadband perfect reflectors [5] , harmonics generation [6] . Such magnetic optical response originates from circular displacement currents excited inside the nanoparticle by incident light. One of the most remarkable effects based on this concept is formation of the so-called Huygens source, scattering forward the whole energy [7] , while for another wavelength range the nanoparticle can scatter incident light almost completely in backward direction. Therefore, manipulation by both electric and magnetic resonances paves the way for efficient tuning of the dielectric nanoparticle scattering in the optical range. The spectral positions of the electric and magnetic dipole resonances depend on the particle shape and environment. Alternatively, these resonances can be tuned permanently via changes in dielectric permittivity, which was achieved by annealing of amorphous silicon nanoparticles [8] .
However, modern optical technologies require fast, large, and reversible modulation of optical response of ultracompact functional nanostructures. Since plasmonic structures have high inherent losses, while photonic crystals or graphene-based structures [9] are much larger than the wavelength, it is advantageous to use low-loss and subwavelength high-index particles with electric and magnetic responses (the "magnetic light" concept). Moreover, nonlinear manipulation by scattering characteristics (power pattern and cross section) of a nanostructure via its magnetic response gives an additional efficient tool for ultrafast all-optical switching and routing. Here we present our recent results on manipulation by the electric and magnetic responses of a high-index dielectric nanoparticle, employing its ultrafast photoexcitation by femtosecond laser irradiation. Specifically, we demonstrate theoretically possibility of large tuning of scattering properties of the single nanoparticle (near the regime of the Huygens source as shown in Fig. 1 ) and achieve experimentally 20 % changes of reflection from silica surface with a silicon nanoparticle under femtosecond laser irradiation.
II. RESULTS AND DISCUSSION
In order to prove the concept of manipulation by the electric and magnetic responses of a nanoparticle via optical photoinjection, we performed experiments with silicon nanoparticles of different sizes. First, we have fabricated arrays of truncated conical silicon nanoparticles with period Λ ≈ 800 nm from an silicon film with thickness h=220 nm deposited on a fused silica substrate. The base (r b ) and top (r t ) radii of the nanoparticles were designed basing on preliminary numerical modeling, predicting the spectral position of the magnetic dipole resonance. Two different arrays were studied, composed by "near-resonance" (r b ≈ 120 nm and r t ≈ 70 nm) and "off-resonance" (r b ≈ 70 nm and r t ≈ 20 nm) nanoparticles. The broadband spectral measurements of the reflected signal from a single nanoparticle (R s ) were carried out by means of strong focusing and collection of light (λ=400-900 nm) to a spectrometer through an achromatic objective with a numerical aperture NA=0.95. The resulting reflection spectra from different nanoparticles exhibit pronounced maxima (resonances) in different spectral ranges: one resonance is near λ = 500 nm for the near-resonance nanoparticle and two resonances at λ = 700 nm and λ = 850 nm for the off-resonance nanoparticle (Fig. 2a) . Our numerical modeling of reflection from silicon nanoparticles on SiO 2 substrate with the given dimensions and tabulated spectral dispersions [10] reveals, that the observed maxima for near-resonance nanoparticle correspond to electric (700 nm) and magnetic (810 nm) dipole resonances, while the maximum in off-resonance nanoparticle spectrum has the magnetic response origin (Fig. 2b) . The wavelength of the femtosecond laser irradiation is located at the blue shoulder of the magnetic dipole resonance of the near-resonance nanoparticle, while it is far away from all resonances of off-resonance nanoparticle (Fig. 2a,b) . The comparison of relative variation of reflectivity from the surface with the near-resonance nanoparticle, the nonresonant nanoparticle, and bulk silicon on laser fluence reveals the strongest response from the near-resonance nanoparticle. Specifically, the reflectance of the near-resonance nanoparticle exhibits 20% relative growth with incident fluence increasing up to ≈ 30 mJ/cm 2 , while the reflection signal from the 220-nm thick silicon film goes down and the off-resonance nanoparticle reflection demonstrates intermediate behavior (Fig. 2b) . Such changes in reflection dependencies on laser fluence are totally governed by photo-injection of electronhole plasma.
In summary, photo-injection of dense electron-hole plasma in a dielectric nanoparticle, supporting a magnetic dipole resonance in the optical range, paves the way for effective light manipulation on subwavelength scale not only by tuning of scattering cross section of the nanoparticle, but also by tuning of its scattering diagram. In the frame of this concept, the 20% switching of reflection from a silica surface with a silicon nanoparticle photoexcited by a femtosecond laser pulse has been shown, enabling high-efficient light manipulation on the subwavelength scale. We believe that tuning of dielectric permittivity of a single dielectric nanoparticle via photoexcitation of dense electron-hole plasma opens a novel class of ultracompact nanodevices with potentially ultrafast timescale, based on the diversity of "magnetic light" effects.
